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A Review of multilayer insulation (also called
superinsulation) fundamentals
I Types of MLI models
A Introduction of advanced concepts
I Non-gray
I Seams
I Validating Thermal Desktop

A Incoporating these concepts into Thermal Desktop
models

A Discussion of results
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A Numerical (commercial code, or custom code)

A Floating shields analytical model
o(T} - T3)

q = N—1 {22)
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A Semi-empirical models
1" 3 ,. ‘
q=FN"Tn(Th —T.) + %”"*:,; TP s (38)

A Polynomial fits

q=h(Ty, —T.) + f:?ffJ(TI:l ~ T

q=cs(T2 —T?) + cg(T2 —T3) + c5(T1.67 — T2.67)
A Iterative separated mode
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Analytical solution
90
128.454
147.986
161.873
172.896
182.14
190.159
197.275
203.695
209.56
214.97
220

-5.34 W/ny

Thermal Desktop solution
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A A gray surface has the =

Pre-requisites
1.

2.

3.

simplifying property that the
absorptivity may be reasonably .
assumed to equal the emissivity ﬁ\

Either the irradiation is diffuse or the surface is
diffuse E
Spectral properties of surface are nearly constant
over spectral region of interest

Irradiation and surface emission occur in the
bounds of the spectral region of interest

[{]OO NEY T)E)\b (A, T)dA\

(1) =" E,(T)
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Siegel & Howell

A1
Problem 8-2
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) Solution: 140,500 W/
= T, = 1120 K ‘
q
0.8 -0 -, 0.8r
= oef pe o.sE
‘ = 0.4 o
%0‘4 | [ R S S ;O.Z S VS T N T
v 02— A 5 § 7 8 0O 1 2 3405678
Wavelength A, um Wavelength A, um

Figure 8-4 Example of heat transfer across space between infinite parallel plates having spectrally
dependent emissivities.
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Edit Optical Property - test P

Camment: um Set Colar... . )
e

Bivariate Table Input

Usze Properties: [Wavelength Dependent for Radks, Basic for Heat R ate Calculations v] L

Enter values of Temperatures[E] on the first line
For additional lines, enter a2 single wavelengths[micro-m] followed by walues of

Bazic | Wavelength Dependent = 2dd
Em:\.sslvlt:y

1120 1680
Emissivity: 1 Edit Table... [7] Use Table Usze Vs Temp ’ 2 g; g:
3.001 07 08
Transmizzivity: 0 Edit Table... [] Use Table [ T0ze Vs Temp 4-5555 0 2-? 0 g_g
25 03 0.8
Specularity: 0 Edit Table... [ Use Table [[1Use Vs, Temp

Transmissive Speculaity; 0 Edit Table... [T] Use Table [lUse s Temp

Refractive Indices B ahio: 1

Note: To avoid a runtime error, the
temperatures must be monotonically
increasing in the bivariate table.
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b

Sri nivasanos Pa g

A J. Srinivasan [24] observed that their dewar suffered

roughly 66% more heat leak when filled with LN2
than with LH2 (no blanket, just a thermos type setup)

A I.A. Black and P.E. Glaser [27] reported 41% more
heat transfer with a 1 inch thick blanket in their 35-
liter dewar

AWhat 6s going on here? Tl
colder and the surroundings are the same
temperature. Why is liquid nitrogen losing
more heat?
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Predicted temperature dependent spectral emissivities as calculated with
the two term Hagen-Rubens approximation.
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Plotting flux as fxn of boundary temps NFS
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